ABSTRACT: Hereford steers (n = 280, BW = 371 f 29 kg; 40 pens) were used to evaluate two alternatives to ad libitum access to feed and constant roughage levels in finishing diets. The eight treatments were as follows: two treatments in which intake was limited to a multiple of the maintenance (MM) energy requirement decrease (P = .lo) in DMI, an 8.6% improvement (P < . O l l in gain efficiency, and reduced roughage use (40 kg per steer) compared with the 10/10 regimen. With W S C diets, the 2/10 regimen did not (P > .2) affect gain efficiency but did reduce roughage use (48 kg) compared with the 10/10 regimen. The 10/2 regimen did not differ (P > .2) from the 10/10 regimen. Few differences in carcass characteristics were noted among treatments. Roughage use and cost of gain can be reduced by feeding 2 YO roughage during the mid-finishing period followed by a return to 10% roughage.
Introduction
Ad libitum access to feed and constant roughage levels in the finishing diet have been the practice in the cattle feeding industry for some time. Recently, variations in these practices have received new (or renewed) attention. Examples include programming intake (Zinn, 1987;  Loerch, 1990 ; Sip and Pritchard, 19911, regimens (Bartle and Preston, 199la) . In general, the reasoning behind these alternative practices is to encourage more uniform feed intake and to decrease the incidence of digestive upsets or to reduce roughage use because of its cost on a nutrient basis. Another possible advantage of these practices may be a reduction in dietary boredom. Xiong et al. (1991) and Bartle and Preston (1991a) reported positive results by limiting maximum intake based on multiples of the maintenance energy requirement (2.3, 2.5, 2.7, and 2.9 times maintenance for wk 1, 2, 3, and 4 and thereafter, respectively) and by reducing the dietary roughage content to 2 % during the mid-finishing period, respectively. The objectives of this experiment were to evaluate and better define the management of these two alternative feeding practices in terms of steer performance, carcass characteristics, and economic efficiency.
Experimental Procedures
Hereford steers were shipped (n = 306) from the Oklahoma panhandle to the Burnett Center and received typical feedlot processing upon arrival, including viral (Horizon IV, Diamond Scientific, Des Moines, IAI, clostridial (Siteguard G, Coopers Animal Health, Kansas City, KSI, and anthelmintic (Ivomec, MSD-Agvet, Rahway, NJ) injections.
After a 33-d growing period, 280 steers (initial BW = 371 f 29 kg) were selected based on health and BW uniformity. Steers were stratified by BW and divided into five BW blocks. Steers were assigned randomly by weight to pens within block (seven steers per pen, 40 pens total). All steers received steroid implants (Synovex-S, Syntex Animal Health, West Des Moines, IA and Finaplix, Hoechst-Roussel Agri-Vet, Somerville, NJ) on d 0 (June 14, 19911 , and the three lighter blocks were reimplanted with both implants on d 63. The diets were balanced to meet or exceed NRC (19841 requirements (finishing diets are shown in Table 1 ). Starting on d 0, steers on all treatments were fed four roughage step-down diets (concentrate step-up) containing 30,20, and 10% (with corn silage) and 10% (without silage) roughage equivalent (RE) for 7 d each. Corn silage was included in the diets as 50% of the RE for the first 3 wk of the experiment; the silage supply was then exhausted and cottonseed hulls were the roughage source.
Cottonseed hulls were defined as 100% RE and corn silage as 70% RE (30% grain on a DM basis); all other ingredients provided 0% RE. When new diets were introduced during the concentrate stepup phase, the amount of feed offered was limited to provide the amount of NE, fed the previous day. Two percentage units of water were added to diets containing 2% RE.
Sorghum grain was treated with water and a grain conditioner (added 8 to 8% moisture; 2.8 mL/ L, E-Z Flake, Loveland, Ind., Greeley, CO) for 16 to 20 h and then steam-conditioned for 40 min at 96OC before flaking. The moisture content of the flakes was 19 to 21%, the flake density was approximately 310 g/L (24 pounds per bushel), and the gelatinization value (birefringence; Snyder, 1984) ranged from 55 to 60%. Sorghum grain was flaked two or three times per week; the flakes were dried to approximately 83% DM and stored for up to 3 d before feeding. Monensin and tylosin were added to the diet (25 and 10 ppm, DM basis, respectively). The diet was weighed, mixed, and fed by pen daily; a conveyor system delivered the diet to fenceline bunks (35 cm per steer). Water was available free choice. Pens had partially slotted, concrete floors and provided 2.25 m2 per steer.
Two alternative dietary management practices, limited maximum intake (LMI) and reduced roughage regimens, were evaluated in this experiment; both alternative practices were compared to a typical finishing diet (10% RE and ad libitum access to feed). Two treatments (plus the 10% REad libitum access diet) involved the LMI feeding strategy, and six treatments (including the 10% RE-ad libitum access diet) involved roughage regimen and grain source. The eight dietary treatments were assigned to pens within block in a random manner.
The LMI treatments were designed to control the peaks in DMI and reduce the daily variation in intake but not to program or reduce total intake. The procedures were similar to those described by Xiong et al. (1991) . Briefly, steers were fed steamflaked sorghum grain (SFSQ-based diets to appetite except that a n upper limit of feed offered was established for pens based on a multiple of their maintenance (MM) energy requirement. The upper limit of feed offered to each pen was calculated using the following equation: upper limit, kilo- ghalyzed, except for NE, and NEg, which were calculated on a DM basis, except for DM.
The two sets of limits were 2.1, 2.3, 2.5, and 2.7 (2.7MM) or 2.3, 2.5, 2.7, and 2.9 (2.9MM) times maintenance for wk 1, 2, 3, and 4, and thereafter, respectively. Maintenance requirements were calculated from the initial BW for the first 4 wk and from the most recent BW for the remainder of the experiment. A restricted feeding day was defined as a pen offered a n amount equal to the calculated upper limit (equal to or less than the steer's voluntary intake). A pen fed to appetite but a n amount less than the upper limit was designated as a nonrestricted feeding day. The frequency of restricted feedings was determined during each of the first 4 wk (concentrate step-up period) and during each of the remaining periods. Frequency of restricted feeding was calculated as the pendays a t the maximum feeding level divided by the total pen-days during the period.
Two grain sources, SFSG and whole-shelled corn (WSC), were fed with three roughage regimen treatments: 1) the "typical" finishing diet Wiong et al., 1991 ). An estimate of "available" fecal starch was made by omitting the boiling step from the procedure.
The two heaviest blocks were slaughtered at a commercial abattoir after 105 d on feed, the two intermediate blocks after 119 d, and the lightest block after 133 d. The incidence of liver abscesses and weight of hot carcasses were recorded at slaughter. Ruminal wall color and the extent of papillae clumping were also evaluated. The ventral ruminal sac area was visually and physically evaluated on the chain after it was washed. The ruminal color scoring system was 1 = flesh, 2 = tan, 3 = brown or light gray, 4 = dark gray, and 5 = black. Papillae clumping was a subjective score that reflected the percentage of papillae clumped together. In the actual scoring, the size of the clumps entered into the estimate; larger clumps resulted in a higher estimate of papillae clumping. Carcass quality and yield grade factors were determined after overnight chilling of the carcasses.
The effects of treatment on steer performance, carcass characteristics, ruminal characteristics, and fecal starch were computed using the GLM procedure of SAS (1985) . Dietary treatments and BW blocks were the independent sources of variation in the model. Pen was the experimental unit. Comparisons of treatments within the limited maximum intake strategy or roughage regimen were made using the Isd test. Single df orthogonal contrasts were used to compare SFSG to WSC. Carcass characteristics also were evaluated using hot carcass weight as a covariate. Because BW block was not a n experimental objective, it was included as a main effect but not as an interactive component.
Results and Discussion
Grain Source. Steers fed WSC diets consumed more feed (P < .0011 than did steers fed SFSG diets in all periods of the experiment ( Steers fed SFSG diets, however, had higher gain efficiency than did steers fed WSC diets (7%, 159 and 170 g/kg; P e .001, Table 21 , which was established during the mid-finishing period; gain efficiency for the two grain sources was similar during the concentrate step-up period and during the final 28 d of the experiment. These results are similar to the 17 and 8 % increase in DMI and ADG and 8% decrease in gain efficiency for WSC diets vs SFSG diets reported by Preston and Bartle Hot carcass weights for the two grain sources did not (P > .21 differ ( Table 3) . Steers fed SFSG diets, however, had greater dressing percentage (61.9 vs 61.3%, P e .05) than did steers fed WSC diets. Vance et al. (1972) reported lower dressing percentages for steers fed WSC than for those fed crimped corn. Preston and Bartle (19901, however, found no dressing percentage differences between steers fed WSC and those fed SFSG. No differences (P > .21 between grain sources were noted for backfat thickness or kidneypelvic-heart fat; longissimus muscle area tended (P = ,131 to be greater for the steers fed SFSG than for the steers fed WSC (80.9 vs 79.2 cm21. Used as a covariate, hot carcass weight removed significant variation in longissimus muscle area (Table 31 . The smaller longissimus muscle area of the steers fed WSC contributed to their yield grades being higher (2.8 vs 2.9, P = .08) than those of steers fed SFSG.
Marbling score for the steers fed WSC diets was .2 units higher (P < .05) than for the steers fed SFSG PpqMeans with different superscripts differ (P = .I).
'SSMeans with different superscripts differ (P < .05). XJ'Means with different superscripts differ (P < .01).
diets. As a result, steers fed WSC diets averaged 60% Choice, whereas steers fed SFSG diets averaged only 4 6 % Choice (P < .05). Preston and Bartle (1990) reported a .l-unit advantage in marbling score (P = .18) for steers fed WSC compared with steers fed SFSG. Liver abscess incidence was only 4 % for the experiment, which was lower than that normally observed for cattle fed at the Burnett Center with tylosin in the diet. The low incidence of liver abscesses for steers started on feed in June agrees with the seasonal effects reported by Harmon et al. (1989) . Liver abscess incidence was not related (P > .2) to dietary treatment (Table 3) . Grain source did not (P > .2) affect the color of the ruminal wall. There was a large and interesting difference in the percentage of clumping of the ruminal papillae, however. Steers fed WSC diets had a much lower percentage of clumping than did steers fed SFSG diets (6 vs 33940, P < .001). This finding is in agreement with the results of Vance et al. (19721, who reported that with 100% concentrate diets, steers fed WSC had lower clumping scores than did steers fed crimped corn. Hair was often embedded in the papillae clumps. If one of the functions of roughage in finishing diets is to maintain ruminal integrity by preventing papillae clumping, then these results indicate that WSC can partially replace roughage in finishing diets.
Roughage Regimen. Loerch (1991) reported that steers fed a 100% concentrate diet for 112 d performed similarly to steers fed a diet that contained 15% roughage, and Bartle and Preston (1991a) reported that reducing dietary RE to 2% during the mid-finishing period did not affect steer growth and reduced dietary costs. These findings suggest that dietary roughage can be reduced for a period of time during the feeding period without a detrimental effect on steer performance or health.
In the SFSG diets, the comparison of the 10/10 and 2/10 regimens generally confirmed the findings of Bartle and Preston (1991a1, who reported a 5% decrease in DMI and a 6% improvement in gain efficiency for the 2/10 regimen. In this experiment, switching the steers to a 2% RE diet on d 28 initially (d 29 to 63) reduced DMI (P < .05) and numerically decreased ADG (Table 21 compared with DMI and ADG of the steers fed a typical feedlot diet (lW101. During the second part of the mid-finishing period, the 2/10 steers consumed 7.2 kg/d, compared with 7.6 kg/d for the 10/ 10 (P = .21 and 1012 regimens; gains were numerically greatest for steers on the 2\10 regimen. Increasing the roughage content of the diet to 10% at 28 d before slaughter increased the intake of the 2/10 steers such that it was equal to that of the 10/10 steers. Bartle and Preston (1991a) reported that the switch from 2 to 10% roughage stimulated DMI to a level greater than that of the 10/10 steers. A possible explanation for the greater intake in our earlier study is that 10% RE was fed 3298 BARTLE AND PRESTON for 58 d, whereas it was fed only 28 d in this experiment. Overall, feeding 2 % RE during the mid-finishing period and then increasing the roughage content to 10% during the late finishing period resulted in similar gains, a 3.6% decrease (P = ,101 in DMI, and a n 8.6% improvement (P < .01) in gain efficiency (Table 2) compared with the lo/ 10 regimen.
Delaying the switch to 2 % RE from d 29 to 64 was evaluated because switching at 28 d decreased intake and gain at the peak of the steers' performance. Feeding 10% RE during the period from d 29 to d 64 instead of at the end of the finishing period may reduce the negative effects of the diet change but it does sacrifice the intake enhancement that occurs during the final part of the finishing period (Bartle and Preston, 1991a) . For the SFSG diets, steers fed the 10/2 regimen had the same DMI (P > .21 as the steers fed the 10/ 10 regimen and a numerically greater ADG. The 10/2 regimen resulted in gain efficiency that was intermediate to that which resulted from feeding the 10/10 and 2/10 regimens (Table 21. In contrast to the SFSG results, roughage regimen for WSC diets had little effect on steer performance. Overall, steers fed the 2/10 and 10/2 regimens had lower DMI (P < .001 and = .15, respectively) than steers fed the 10/10 regimen. Steers fed these two treatments also tended to gain less weight than those fed the 10/10 regimen, in contrast to the SFSG results (grain source x roughage regimen interaction, P = .15). No effect (P > .2) of roughage regimen on gain efficiency was noted. Malcolm and Galyean (1991) reported no differences in performance of heifers fed WSC diets containing either 7.5 or 15% roughage.
There were few effects of roughage regimen within grain source on carcass characteristics (Table 3) . For steers fed WSC diets, the 2/10 regimen tended (P = .1) to produce a higher marbling score and a greater percentage of Choice carcasses than did the 10/2 regimen. Bartle and Preston (1991a) reported a tendency for the 2/10 regimen to produce a greater percentage of Choice carcasses than did the 10/10 regimen. In this experiment, the 2/10 regimen resulted in a numerically greater percentage of carcasses that graded Choice.
For steers fed SFSG diets, ruminal papillae clumping differed (P < .05) among roughage regimen (26, 30, and 42% for 10/10, 2/10, and 10/2 regimens, respectively). For steers fed WSC, ruminal papillae clumping was nearly the same (6%) over roughage regimen (grain source x roughage regimen interaction, P = .16). The interactions between grain source and roughage regimen for papillae clumping and ADG are interesting and somewhat in contrast to the results that might be expected. Reducing the roughage content of the diet containing the highly processed SFSG in- creased ADG even though ruminal papillae clump ing was also increased. Reducing the roughage content of the WSC diets, in which the concentrate portion apparently had some roughage properties, had no effect on ruminal papillae clumping (low for all WSC diets) and numerically decreased ADG. For both the SFSG and WSC diets, the 2/10 roughage regimen was an effective economic strategy. Ration costs for the finishing period (after the concentrate step-up period, 119-d example, Table 4 ) were decreased $3.78 per steer for the SFSG diets, which was similar to the $4.00 (133-d period) reported by Bartle and Preston (1991a) . The economic advantage for the 2/10 regimen was the result of a 40-kg decrease in roughage usage compared with the 10/10 regimen and only a 5-kg increase in concentrate usage. The 10/2 regimen also decreased roughage usage but increased concentrate usage by approximately 30 kg and, therefore, increased ration costs slightly ($.191. Roughage and concentrate usage for the WSC diets followed the same pattern as for the SFSG diets (Table 51 . Although there were no differences in gain efficiency among roughage regimen with WSC diets, there was an economic advantage to reducing the roughage content of the diet for part of the feeding period. The 2/10 and 10/2 regimens decreased cost per steer by $7.96 and $2.08, respectively, compared with the 10/10 regimen (the same cost was used for SFSG and WSC).
Limited Maximum Intake. Restricting feed intake, especially during the concentrate step-up period, has been reported to have beneficial effects on steer performance (Hicks et al., 1990; Xiong et al., 19911 , possibly because the incidence of digestive upsets is reduced. Our research suggests that steers with the greatest intake during the concentrate step-up period are more likely to develop severe liver abscesses, which reduces performance (Bartle and Preston, 1991b) . Figure 1 shows the weekly DMI for the ad libitum, 2.9MM, and 2.7MM treatments. As described by the protocol, the steers on the restricted treatments consumed less feed during the fiist 28 d. After this time there was little difference among the treatments, although the steers on the 2.7MM treatment tended to have the highest intakes.
The frequency of restricted feedings is shown in Figure 2 . Feed intake was restricted on 57 and 46% of the pen-days for treatments 2.7MM and 2.9MM (P c .05), respectively, during the 1st wk, 86 and 83% during the 2nd wk (P > .2), 71 and 63% during the 3rd wk ( P > -21, and 37 and 17% for treatments 2.7MM and 2.9MM ( P = .ll), respectively, during the 4th wk. Restricted feedings were infrequent after the fist 4 wk of the experiment. Xiong et al. (1991) reported that in steers receiving 9% RE diets, the 2.9MM regimen restricted feed intake on 26, 80, 66, and 66% of the pen-days during the first 4 wk, respectively.
During the concentrate step-up period, limiting maximum intake to an assigned multiple of the maintenance reduced feed intake by 4.7 and 5.8% Ip = .13 and c .05 for 2.9MM and 2.7MM, respectively; Table 6 ) compared with the a d libi- tum treatment. The 2.7MM treatment also resulted in a numeric increase in ADG and tended (P = .14) to improve gain efficiency during the step-up period. After the step-up period, LMI steers had a somewhat greater DMI and a slight advantage (nonsignificant or P = .05 to .2) in ADG and gain efficiency. For the entire feeding period, the 2.7MM treatment tended to improve ADG (6%, P = .08) and gain efficiency (4%, P = .15) compared with ad libitum access to feed. The performance of the 2.9MM treatment was intermediate.
There were no differences (P > .2) among LMI strategies in carcass characteristics (Table 7) . Steers on the 2.7MM treatment tended (P = .061 to have more clumping of their ruminal papillae than those on the 2.9MM treatment or steers with ad libitum access to feed ITable 7). The incidence of liver abscesses was low and was not related to intake treatment (P > 2). It does not seem, therefore, that a reduction in digestive upsets explains the tendency for increased intake and ADG by the LMI steers. Because of obvious visual differences in the feces, fecal samples were collected and total and available starch were determined. At the time of collection, two pens on the 2/10 regimen were still being fed 2% RE. Fecal starch values and calculated starch digestibilities for grain sources and roughage levels are shown in Table 8 . Although all values were greater for WSC than for SFSG and greater for 2% RE than for 10% RE, an interaction (P < .05) was noted between grain source and roughage level for both total and available fecal starch. Xiong et al. (1991) reported a value of 4.0% total fecal starch for SFSG diets with a flake density of 283 g/L (22 pounds/bushel vs 24 in this experiment), which is similar to the values for SFSG shown in Table 8 . Feces from steers fed WSC diets contained approximately eight times (27 to 35%) greater starch concentration than feces from steers fed SFSG diets. Turgeon et al. (1983) reported 17 to 24% fecal starch and 91.5% total tract starch digestibility for WSC diets. Zinn (1991) reported 99% total tract starch digestion for both SFSG and steam-flaked corn diets. In this experiment, starch digestibility was calculated using several assumptions (Table 81 and found to be > 95% for all diets. The greater fecal starch content for WSC diets is consistent with the differences in gain efficiency (Table 2) . Xiong et al. (1991) did not observe an effect of RE (9 vs 18%) on fecal starch. Turgeon et al. (19831, however , observed a linear decrease in fecal starch concentration as roughage content increased from 5 to 15%. In this experiment, higher dietary roughage content decreased fecal starch content, probably because of greater undigestible dry matter.
Overall, the performance of the steers was quite satisfactory. Two steers died of bloat during the study, one on the WSC-lO/lO treatment and one on the WSC-10/2 treatment, which did not seem to be related to dietary treatments, and no other ALTERNATE FEEDING REGIMEN FOR FEEDLOT STEERS Kidney-pelvic-heart fat, % x-Y,zMeans with different superscripts differ digestive upsets were observed in the steers. Few interactions (P < .2) were noted in the experiment.
Blocking steers by initial BW removed significant (P c .01) variation for DMI and gain efficiency but not for ADG (P > .2).
In conclusion, limiting maximum intake to a multiple of the estimated maintenance energy requirement (2.7MM) tended to improve gains and efficiency. Although this strategy has not been evaluated in a situation with a high incidence of digestive upsets, it seems to have potential as a n easily implemented method to control fluctuating feed intake during the concentrate step-up period.
Reducing the roughage content of the diet below levels typically used during the mid-finishing period did not have any untoward effect on the steers; the regimen reduced roughage use and thereby decreased diet cost. The optimum number of days to feed the reduced roughage level and number of days to feed the typical level have not been clearly defined. The results of this experiment and previous work (Bartle and Preston, 1991a; Loerch, 1991) suggest that the reduced roughage period can vary from 60 to 110 d and that the latefinishing period can vary from 28 to 56 d. An interesting approach may be to synchronize the increase in roughage content with the plateau in DMI that is often observed toward the end of the finishing period. The number of days that each roughage level is fed will depend on the respective benefits of savings in ration costs during the 2% RE period vs the possible enhanced DMI and steer performance with elevated RE during the late-finishing period.
Implications
Limiting maximum intake to a multiple of the estimated maintenance energy requirement is an easily implemented method to control fluctuating feed intake and improve steer performance. Decreasing the roughage content of finishing diets below levels now typically fed (8 to 10%) during the mid-finishing period reduced roughage use (40 to 48 kg per steer) and diet cost ($3.75 to $8 per steer) and had no negative effect on steer performance or health. These alternative feeding practices may improve the profitability of the cattle feeding industry.
